ABSTRACT. Background: Access to information is the key element in the successful and efficient organization of transport & logistic processes. The importance of real-time access to information is confirmed by a panel workshop carried out with support of design thinking methodology. There are two ways of gaining access to the right informationmanual, where human agency is needed and fully automatic, where new M2M technology is implemented. Implementation of such technology improves seamless communication during transport execution and allows real-time access to needed information. The aim of the paper is to evaluate the influence of the effectiveness of using M2M technology and traditional way of communication as well as data gathering in order to ensure seamless communication in the supply chain. Methods: Survey, design thinking, desk research and real case study results were used in the paper. Results and conclusions: Seamless communication and implementation of M2M technology within the whole supply (including modes of transport and transport units) chain is a backbone of the lean and reliable digital supply chain.
INTRODUCTION
Access to information is the key element in the successful and efficient organization of transport & logistic processes. At present, there are solutions that allow real-time communication between shippers and logistics service providers during the purchasing of services and planning. There is also a second group of solutions that allows the tracking and tracing of vehicle execution monitoring. As a result, transport & logistics services providers and their users need to use different systems in order to obtain information about the real-time execution of the process. Moreover, due to the technical constraints and roaming charges (in particular outside EU) track&trace of vehicles and cargo is difficult and expensive. Therefore, in order to manage the whole transport chain, enable communication with clients, drivers and vehicles, transport and logistics service providers are currently forced to use at least three independent solutions, including phone calls. As a result, seamless communication within the supply chain does not exist.
In addition to this, companies operate in large national and international networks in order to enlarge market reach. The challenge lies in the smooth management of data, proper execution of trade and transport with its complexities of distance and time, language and cultural barriers, and its dependency of national and international rules and regulations. technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016.4.3 URL: http://www.logforum.net/vol12/issue4/no3 214 At the same time, energy, transport and increased human intervention in the environment have proven to be major contributors to climate change over recent decades. The European Union has planned to implement an ambitious target for emissions reduction for years. It is now confident of achieving its goal of cutting greenhouse gas emissions by 20 % in 2020 and has recently doubled its target, to bring about at least a 40 % reduction compared to 1990 levels, to be achieved by 2030 [Eurostat, 2015] . This relates not only to modal shift and use of more environmentally-friendly modes of transport, but also the way transport and logistics processes are organized.
Recent developments in communications technology allow automatization of data exchange between participants of the supply chains. This allows human errors to be eliminated in data exchange, as well as to significantly speed up access to the selected information and reduce the time needed to execute the whole transport process within the supply chain.
Therefore, the paper's objective is to present results of the authors' study on the effectiveness of using M2M technology and the traditional way of communication as well as data gathering in order to ensure seamless communication in the supply chain. Machineto-Machine (M2M) communication can be said to be a form of data communication that involves one or more objects that do not mandatorily require human intervention in their communication process [Aslekar, Londhe, Gaikwad, 2016 , Wu, Geng, 2011 , Boswarthick, David, Omar Elloumi, 2012 . Panel participants were asked to design an ideal transport process which would eliminate their current bottlenecks. During the panel, a not only to modal shift and use of more environmentally-friendly modes of transport, but also the way transport and logistics processes are organized. design thinking approach was used. The Design Thinking process first allows panelists to define the problem and then implement the solutions, always with the needs of the user demographic at the core of concept development. This process focuses on needfinding, understanding, creating, thinking, and doing. At the core of this process is a bias towards action and creation: by creating and testing something, you can continue to learn and improve upon your initial ideas.
MARKET DEMAND FOR SEAMLESS COMMUNICATION
The design thinking process consists of these 5 steps: − EMPATHIZE: Work to fully understand the experience of the user for whom you are designing. Do this through observation, interaction, and immersing yourself in their experiences. − DEFINE: Process and synthesize the findings from your empathy work in order to form a user point of view that you will address with your design. − IDEATE: Explore a wide variety of possible solutions through generating a large number of diverse possible solutions, allowing you to step beyond the obvious and explore a range of ideas. − PROTOTYPE: Transform your ideas into a physical form so that you can experience and interact with them and, in the process, learn and develop more empathy. − TEST: Try out high-resolution products and use observations and feedback to refine prototypes, learn more about the user, and refine your original point of view. technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016.4.3 URL: http://www.logforum.net/vol12/issue4/no3 215 This process were used during individual workshops for need finding, understanding, creating, thinking, and doing [Brown, Tim, Jocelyn, 2015 , Johansson-Skoldbelrg, Woodila, Çetinkaya, 2013 , Dym, Clive, 2005 . Analysis of needs resulting from the panel shows that there is a demand for solutions enabling real-time transport management and for monitoring order completion progress in real time as part of the global supply chains. Companies are particularly interested in monitoring the progress of order completion and automatic conveyance of such data to customers.
As a main need, panellists stated that the ideal solution for the management of transport and logistics processes should eliminate the following problems of existing solutions: − Global visibility of supply chains -global tracking of smart cargos and vehicles makes it possible to determine the status of a specific logistics service accurately.
Companies who order the services of carriage or haulage companies who carry high-value goods (alcohol, paper, electronic equipment) indicate that it is necessary to determine accurately whether or not e.g. a driver pulled over or parked in an unauthorised car park. − The time slots problem and the issue of deliveries to chain stores -another problem indicated by manufacturers who deliver goods to chain stores. Chain stores determine time windows for their suppliers (e.g. from 2 pm to 4 pm). If a manufacturer/supplier delays delivery, a chain store may impose a fine on them. Up until now, no solution has been available on the market which would allow accurate determination of the time a cargo or a vehicle is ready for loading. − Automatic accounting of transport coststhis need was underlined by transport service providers and transport service users. Currently, to account transport services companies must wait for signed proof of delivery. In most cases this document is a paper document where the receiver confirms the delivery to the driver. In the next step the driver sends the document back to the forwarder or to his own company. Based on the proof of delivery companies can account transport costs. The whole process can last up to 4 weeks from the moment when the goods were delivered to the receiver. − Production stoppages resulting from unavailability of information on the delivery status in real time. This problem was voiced by companies using the "Just in Time" system, meaning that delivered products are sent directly to the assembly line. In the event that goods are not delivered on time or a delay is not notified early enough, the entire assembly line is stopped as there are no materials for the line to work further. − The missing cargo problem. This issue was raised by companies operating in Africa, Asia and South America. Solutions enabling cargo monitoring in these continents are virtually unattainable due to the limitations resulting from the inaccessibility of a GPRS channel and high GSM charges. The problem of high costs and other inefficiencies of using GPRS channel for data transmission is confirmed by other researchers [Ming, Fang, 2012 , Sharma, Archana, Vineet Kansal, 2015 , Hajdul, Kawa, 2015 . − Temperature and moisture monitoring in real time. This issue was raised by healthcare sector companies who, in accordance with the latest best practice for drug distribution published by the European Commission, are obliged to monitor cargo temperature and moistness in real time and make these data available, also in real time, to all transport chain participants (shipper, consignee, carrier).
The first three points were mentioned by all panellists as being crucial ones that should be solved by an ideal solution for transport and logistics management. All of the points tackle aspects of access to data during the execution of transport. That is why most of the panellists stated that there is a need for improvements in communication between all actors involved in the supply chain. As a result, the panellists design an ideal supply chain system that allows seamless communication between services users, service providers and machines taking part in the execution of transport. The main aim of the reference system drafted on figure 1 is to support seamless communication between users in the supply chain. All data needed are aggregated and stored in the cloud, with all users having access to authorized parts of the cloud. In particular, the panel participants underlined the importance of receiving the following realtime information during execution of transport: − electronic order (booking), − confirmation of receiving order, − electronic notification about order status, − electronic notification about ETA (estimated tome of arrival of goods), − electronic transport order and documents transferred to the service provider/driver, − electronic proof of delivery, − electronic settlement of services within partners involved in the chain.
Panelists define the following generic data as crucial to be received automatically for track&trace transport execution: − date and hour of reaching loading point, − date and hour of loading of goods, − real-time location of transport asset, − date and hour of reaching unloading point, − receiving proof of delivery from the driver.
Once these data are received, the process of settling services can be also organized automatically in a standardized digital format.
The next three chapters present a comparison of the current way of monitoring transport execution with a new approach to collecting data. In the current approach, all data are requested and distributed by humans. In the new approach, however, M2M technology is implemented in the vehicle executing transport. The basic version of M2M technology that can be implemented in transport is a simple GPS tracker connected to an online system that allows open access to process users. This allows human work in selected part of the processes to be eliminated. Moreover, automatically receiving information about transport execution allows the manager/forwarder better planning and synchronizing other transport orders [Mes, Martijn, 2016] . Moneimne W., Hajdul M., Mikołajczak Sz., 2016, Seamless communication 
REAL-TIME VISIBILITY OF TRANSPORT PROCESSES
Currently, to collect information about realtime location and status of the transport there is a need to involve at least two persons (forwarder and driver). When information about the current location of a transport-asset is needed, the forwarder has to call the driver in order to check this. Figure 2 presents the AS-IS situation, based on the process analysis done in Speedbergx forwarding company operating in Europe. Figure 3 presents the TO-BE situation, where the whole process has be automatized by implementing M2M technology.
Source: own study Moreover, during analysis of the AS-IS and TO-BE situations at Speedbergx, the MTM method was used to measure real time needed to execute specific tasks in the process. MTM stands for Methods-Time Measurement. It is a predetermined motion time system that is used primarily in industrial settings to analyse the methods used to perform any manual operation or task and, as a result of that analysis, set the standard time in which a worker should complete that task [Manns, Wallis, and Deuse, 2016, Nur, Nurhayati, 2015] .
In the TO-BE situation, simple GPS trackers provided by Nova Tracking company were installed in Speedbergx vehicles (figure 3). Trackers sent data to T-Traco platform that Moneimne W., Hajdul M., Mikołajczak Sz., 2016 , Seamless communication in supply chains based on M2M technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016 218 allows real-time transport process management and seamless communication between the forwarder, customer, driver and the vehicle.
Time measurements in AS-IS and TO-BE situations were carried out according to M2M methodology and are averages for specific actions in the process. Figure 4 presents the TO-BE situation, where M2M technology was used to collect necessary data. Figure 5 presents visualised data received from the GPS device in the on-line TMS T-Traco system. Source: own Fig. 3 . GPS device allowing track&trace of the vehicle Rys. 3. Nadajnik GPS pozwalający na monitorowanie pojazdu Moneimne W., Hajdul M., Mikołajczak Sz., 2016 , Seamless communication in supply chains based on M2M technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016 219 Source: own W., Hajdul M., Mikołajczak Sz., 2016 , Seamless communication in supply chains based on M2M technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016 
TIME-SLOTS MANAGEMENT
Many customers expect their shipments to be delivered at a specific hour or in a specific time slot (e.g. 13:00 -13:00). It is essential to manage time-slots and generate timely delivery reports. Moreover, offering customers proof of delivery at specific time-slots is an emerging business strategy in transport and logistics services because it has the potential to improve the service level [Chen, 2016] . Figure 6 presents the AS-IS process of time-slot management. Figure 7 presents the TO-BE process of time-slot management with M2M technology. Finally, figure 8 presents a visualised report automatically generated by the on-line system based on the data received from GPS trackers.
Source: own Fig. 6 . AS-IS process allowing time-slots management Rys. 6. Bieżący proces zarządzania oknami czasowymi dostaw Moneimne W., Hajdul M., Mikołajczak Sz., 2016 , Seamless communication in supply chains based on M2M technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016 221 Source: own 
AUTOMATIC ACCOUNTING OF TRANSPORT COSTS
Once the shipment is executed, payment should also be settled as soon as possible in order to ensure the proper cash flow in the company. In order to settle shipment and transport costs, it is necessary to receive a copy or original of proof of delivery signed by a receiver. In most cases proof of delivery is the receiver's transportation letter (CMR). Figure 9 presents the AS-IS process technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016.4.3 URL: http://www.logforum.net/vol12/issue4/no3 222 of shipment settlement. Figure 10 presents the TO-BE process of shipment settlement with the support of M2M technology.
Source: own Fig. 9 . AS-IS process allowing accounting of transport costs Rys. 9. Bieżący proces rozliczania usług transportowych Moneimne W., Hajdul M., Mikołajczak Sz., 2016 , Seamless communication in supply chains based on M2M technology. LogForum 12 (4), 213-226. DOI: 10.17270/J.LOG.2016 223 Source: own 
CONCLUSIONS
According to ALICE -European Logistics Technology Platform, freight transport and logistics is the link between different processes in the value chain of goods from raw materials to finalized products and end-of-life management. In that sense, transport needs to be seen from a systemic perspective, allowing end-to-end solutions addressing first mile, long distance transport and last mile in the context of cities, regions, countries European and global transport. Therefore, the transport and logistics market is in a need of a lean, secure and reliable solution for seamless communication within the supply chains. One of the crucial issues in data sharing is to know what type of information is relevant for the companies in the freight management for all transport modes. The crucial expectation from the market is to get an IT solution with the following features: real-time visibility of the whole supply chain for all transport modes, service as software, inexpensive, reliable, global coverage of tracking logistics assets, geofencing and mobility, real-time ETA, ATA, ETD, ATD. In order to achieve the expected results, there is a need to implement automatization (through M2M communication) to data exchange during the execution of transport.
Finally, based on the studies carried out at Speedbergx, the following results, presented in table 1, were obtained. Based on our findings, it can be clearly stated that implementing M2M technology allows seamless communication in supply chains. It saves time needed to collect all the necessary information. Moreover, through the automatization of data collection, drivers and forwarders can focus on their primary tasks. This leads to improved effectiveness and efficiency in the whole company.
Finally, wider implementation of M2M technologies is also a step towards a truly integrated transport system for sustainable and efficient logistics. This is a future concept, which is currently being developed by the ALICE technology platform. A truly integrated transport system is based on an open and global system of transport and logistics assets, hubs, resources and services operated by individual companies. They are fully visible and accessible to market players, hence creating a network of logistics networks. The coordination of logistics, transport, infrastructure and supply networks aims to move, store, supply and use physical objects throughout the world in a manner that is economically, environmentally and socially efficient, secure and sustainable. The system will be based on physical, digital, and operational interconnectivity, enabled through modularization as well as standardisation interfaces and protocols.
